We studied the relation between LTR methylation and expression of the family of endogenous retrovirus-like elements related to mouse intracisternal A-particles (IAP). Comparative Hpall/Mspl and Hhal restriction analysis of genomic DNA's showed that in cells and tissues with a low level of IAP gene expression, Hpall and Hhal sites within the 5' LTR were heavily methylated, while in cells abundantly expressing IAP's 20 to 30$ of the 5' LTRs were demethylated at these sites. The effects of methylation on the promoter activity of a cloned IAP 5' LTR was studied directly, using the plasmid pMIA5' L-cat in which this LTR was linked to the chloramphenicol acetyl transferase (CAT) gene. 2H vitro methylation of three Hhal sites located between -137 and -205 bp from the RNA start site of this LTR completely inactivated the promoter activity of pMIA5'L-cat transfected into COS7 cells. Methylation of a Hpall site located 9 1 ) bp downstream from the RNA start site reduced the promoter activity by 75$. The results show that methylation at sites both upstream and downstream from the RNA start site profoundly effects the promoter activity of this LTR and suggest that methylation within the 5' LTR can serve to regulate IAP gene expression jji vivo.
INTRODUCTION
Murine intracisternal A particles (IAP) are coded for by members of a large family of endogenous retrovirus-like elements (1) . IAP gene products are regularly observed in early mouse embryos (2, 3) , normal adult tissues CO and in many transformed cells (5). IAP proviral elements can act as insertional mutagens at both the germ line (6) and somatic levels (7-10).
IAP gene expression has been implicated in such apparently disparate processes as the pathogenesls of an insulin dependent diabetes (11) and the modulation of immunoglobin (IgE) synthesis (12). DNA methylation, which is correlated with the Inactive state of many retroviral, viral and cellular genes (13-16) has also been Implicated in the regulation of IAP gene IAP gene expression In some teratocarcinoma lines and transformed fibroblasts (19.20) . Morgan and Huang (21) found that two Hhal sites located in the 5' LTR of a particular IAP gene copy were hyporaethylated in myeloma and 3T3 cells but not in normal liver. With this exception, the previous studies have dealt with the methylation status of sites within the body of the IAP genes rather than in the LTRs. However, retroviral gene expression is determined by regulatory elements within their LTRs, and methylation at internal sites can be irrelevant to gene expression (22) . In the present study we have examined the methylation state of the 5' IAP LTRs in the DNA of several normal and transformed mouse tissues and confirmed that the degree of methylation at conserved Hhal and Hpall sites in the 5' LTRs is inversely correlated with IAP gene expression. Using a cloned mouse IAP LTR that functions as an efficient promoter when linked to the chloramphenicol acetyl transferase (CAT) gene (23), we have also shown that in vitro methylation of Hhal and Hpall sites in this LTR strongly suppressed its promoter activity.
METHODS AND MATERIALS

DNA Isolation and Restriction Analysis
The following mouse tumors and tumor cell lines were used: The solid myeloma MOPC-10HE, the cultured line MOPC-31 and the neuroblastoma cell line Nt. Liver and thymus were taken from one month BALB/cJ female mice. Cellular DNA's were prepared as described ( 2 1 )). For each restriction analysis, 10 ug of DNA was cleaved with a 4-fold excess of restriction enzyme in the buffer recommended by the supplier (New England Biolabs, Inc.).
Incubations were carried out for 3 hours at 37°C. Lambda phage DNA was Included in some reactions to monitor the extent of digestion. For the Hhal/Xbal restriction analysis (Fig 2B) , the standards consisted of Hhal/Xbal-cleaved pMIAlH.it (21) to which 10 ug of calf thymus DNA, partially digested with Mspl, was added to ensure comparable mobility and transfer of low molecular weight fragments. Digested DNAs were electrophoresed on a 1.1$ horizontal agarose gel and subsequently transferred by Southern blotting to DPT paper (Schleicher and Schull) or nitrocellulose as described (1) . The 1 Kb 5' Hpall fragment isolated from pMIAll.t (see fig. 1A ) was used as a probe after nick translation to a specific activity of 1x10^ to 2x10^ cpm/yg DNA as described (10) . The DNA blots were hybridized for 21 hr. at 65° C in a solution containing: 6xSSC, 0.25$ SDS, 3xDenhardt3 and 0.5x10^ cpm/ml of [32p]-labeled probe, and washed three times for 15 minutes at 55° C in O.lxSSC, 0.1$ SDS.
In vitro Methylatlon
The plasmids pSVOoat and PSV2cat were obtained from C. Gorman, the plasmid pMIA 5'L-oat was described before ( C]-chloramphenicol to its mono-and di-acetylated forms aa described by Gorman et al (27) . The reaction products were analyzed by ascending chromatography on silica gel thin layer plates (Merck).
After autoradiography the results were quantitated by counting the spots of [ 1l) C]-chloramphenicol and its mono-and di-acetylated form scraped from the thin layer chromatography plates. Using the specific activity of the substrate, the number of picomoles converted to the acetylated from was determined.
RESULTS
The distribution of Hpall sites in subclone pMIAli.i), derived from a randomly selected endogenous IAP proviral element, is shown in Fig. 1A (Fig. 1A) . This probe contains only 27 bp of LTR sequence, therefore it is relatively Insensitive to fragments originated within the 3' LTR. In H£aII/XbaI digests of DNA ( Fig. 2A, lanes H), the hybridization signals from 0.1) and 0.6 Kb fragments reflect the extent of demethylation at Hpall sites within the LTR and the body of the IAP gene, respectively. These fragments are fully realized in double digests with Xbal and Mspl, the methylation-lnsensltlve lsochizomer of Hpall (Fig 2A, lanes M). The Hhal/Xbal digests of pMIAli.U contain a single reactive fragment of about 0.5 Kb, which extends from the most 3' of the Hhal sites in the 5' LTR (Fig. IB) to Xbal site. The appearance of the 0.5 Kb fragment in genomlc digests (Fig. 2B) The quantitative results of three transfection experiments are shown. Extracts of cells transfected with the Hpall-or Hhal-methylated plasmids pSV2cat and MIAcat-5'L or with unmethylated plasmids (controls) were assayed for CAT activity as described in Methods and Materials. Experiment I is that shown in Fig. 3 . One set of methylated plasmids was used for Experiment I and a second for II and III. * pmoles/h per 20yl of extract, 37°C + percent of control value within the IAP LTR. Table 1 Extrapolation of the present data to the J^ vivo situation must await development of a suitable murine target cell. Meanwhile, the system based on COS7 cells may be a useful model for studying the interactions of cell-encoded factors with IAP LTRs and for determining how these interactions are influenced by site-specific methylation.
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